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This paper examines the Virtual Learning Environment (VLE) success from the 
teachers’ perspective. The data analysis was done using the Partial Least Squares-
Structural Equation Modeling (PLS-SEM). Due to the inability of PLS-SEM to analyze 
recursive relationship, the research model has been divided into Model A and Model 
B. All hypotheses in this study were supported. Upon the post-analysis reflection, this 
study seeks to find the best VLE success model that could be run on a single structural 
model and compensate the recursive relationships in the proposed research model. 
After comparing five possible models, this study found that Model 1 is the best to 
measure VLE success. This model suits the issue under investigation while at the same 
time producing good R2 and Q2 values. More importantly, without the recursive 
relationships, the model can be examined in a single SEM structural analysis. 
Keywords: DeLone and McLean IS Success Model, e-learning, information system 
success, PLS-SEM, virtual learning environment 
 
Introduction 
The introduction of Virtual Learning Environment (VLE) technology into education has produced 
positive impact to parents, students, and teachers by promoting the dynamicity in learning especially in 
terms of defying the barriers of time and location. Unlike the Information Systems (IS) in profit-driven 
private organizations, VLE is an e-learning system that emphasizes on two main aspects of education; 
pedagogy and education management. Even though it has a reputation of successful implementation in 
several countries such as United Kingdom, Hong Kong and Singapore, the VLE is considered as a new 
experience for a developing country like Malaysia and therefore, the full potentials are yet to be 
discovered (Norazilawati et al. 2013). The issue of low usage is not a new concern in the VLE studies 
that has becomes a source of debate in both the IS and education research for decades (Gu et al. 2013; 
Hakkarainen et al. 2001; Kramer et al. 2007).  Foundational to this issue is the continuous usage, which 
is regarded to be more significant during the post-implementation stage in determining the IS success 
as compared to the initial use during pre-implementation (Bhattacherjee 2001). Within the last decade, 
the continuous usage has been identified as a prominent issue particularly on its relation to user rejection 
based on the low usage of VLE (Johari and Siti Norazlina 2010; Md Nor and Rashita 2011). Even 
though majority of the teachers have the initial experience, their refusal of continuously using the VLE 
signifies that the system is not on the right track of success (Nor Azlah et al. 2014). 
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From the literature, the current study found that the above-mentioned issue can be gauged using the 
updated DeLone and Mclean IS Success Model (D&M). Previous studies have proven that this model 
fits all the measurements for evaluating IS success (Al-Debei et al. 2013; Zhu et al. 2013). The D&M 
was introduced in 2003 in response to the criticisms on the original version of the IS Success Model by 
DeLone and McLean (1992). Several adjustments were made, for example, the inclusion of Service 
Quality (SeQ) and the combination of Individual and Organizational Impacts into a single dimension 
known as Net Benefits (NB). Furthermore, the updated D&M aims to produce a comprehensive 
understanding of IS success by describing the inter-relationships between six identified dimensions, 
namely Information Quality (IQ), System Quality (SyQ),  Service Quality (SeQ), Intention to Use (ITU) 
or Use (U), User Satisfaction (US) and Net Benefits (NB). DeLone and McLean (2003) also suggest 
that the application of D&M should be based on the particular context of IS under investigation. They 
further encourage future researchers to continue enhancing and refining the model to suit the variability 
of IS research disciplines. Therefore, this study uses the D&M as the theoretical basis, with the inclusion 
of Workload (WL) as an external variable to measure the VLE success among teachers. As the study 
has modified the D&M to suit the context of VLE and the objective is to predict the capability of D&M 
in explaining the VLE success, the Partial Least Squares-Structural Equation Modeling (PLS-SEM) is 
considered as appropriate to be applied (Hair et al. 2017). 
The Research Model 
In the updated D&M, the ITU is introduced as an alternative for U, to tackle the issue of voluntary 
versus mandatory of IS usage. In other words, the ITU is suggested as a substitute measurement for the 
mandatory type of IS (DeLone and McLean 2003). Nevertheless, U is recommended as a better option 
since no IS are totally mandatory to use, whilst ITU (attitude) and its link to U (behavior) is difficult to 
measure. Hence, many researchers prefer to stick with U to measure IS usage (Baraka et al. 2013; 
Davarpanah and Mohamed 2013; Eom 2012). However, the current use and the future intention to use 
are two different dimensions that are interrelated to each other (Agarwal and Prasad 1997). Likewise, 
they suggest that current use will significantly influence future intention to use. Given this point, 
DeLone and McLean (2003) added that the positive initial use would lead to greater user satisfaction 
and thus lead to intention to use. As a result, the use is also expected to increase. Building on these 
arguments, this study proposed the separation of these two dimensions.  
The issue of excessive teachers’ workload and its possible negative influence on VLE usage has been 
pointed out by several previous studies (Khan et al. 2012; Norazilawati et al. 2013). Nevertheless, there 
are also studies that suggested VLE as a medium to deal with the heavy workload issue (Selwood and 
Pilkington 2005; Vinluan 2011). Therefore, considering the inconsistency of the previous studies, this 
study believes that the workload would also affect the use of VLE, in either positive or negative way 
and empirical evidence on this matter is critically needed. Building on the aforementioned arguments, 
this study has proposed the following research model (Figure 1) and hypotheses. 
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Figure 1. Research Model 
H1: Information Quality has a significant influence on the Intention to Use of VLE among the teachers. 
H2: Information Quality has a significant influence on the User Satisfaction of VLE among the teachers. 
H3: System Quality has a significant influence on the Intention to Use of VLE among the teachers. 
H4: System Quality has a significant influence on the User Satisfaction of VLE among the teachers. 
H5: Service Quality has a significant influence on the Intention to Use of VLE among the teachers. 
H6: Service Quality has a significant influence on the User Satisfaction of VLE among the teachers. 
H7: Intention to Use has a significant influence on the Use of VLE among the teachers. 
H8: Use has a significant influence on the Net Benefits of VLE among the teachers. 
H9: User Satisfaction has a significant influence on the Net Benefits of VLE among the teachers. 
H10: Workload moderates the relationship between Intention to Use and Use of VLE among the 
teachers. 
H11: Net Benefits has a significant influence on the Intention to Use of VLE among the teachers. 
H12: Net Benefits has a significant influence on the User Satisfaction of VLE among the teachers. 
H13: User Satisfaction has a significant influence on the Intention to Use of VLE among the teachers. 
H14: Use has a significant influence on the User Satisfaction of VLE among the teachers. 
Methodology 
Different researchers may use different measurements to measure each of the success dimensions. After 
conducting the literature review, this study decided to measure the eight continuous VLE success 
constructs based on the following measurements, as presented in Table 1. 
Table 1. Measurements for VLE Success 
Construct Measurement Sources 
IQ 
Accuracy, Relevance, Sufficiency, Format, 
Currency, Timeliness, Reliability. 
(DeLone and McLean 1992) 
SyQ 
Availability, Usability, Accessibility, 
Reliability. 
(DeLone and McLean 1992, 2003) 
SeQ 
Responsiveness, Assurance, Empathy, 
Tangibility. 
(DeLone and McLean 2003; 
Kettinger and Lee 1994) 
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ITU The intention for future use. 
(Agarwal and Prasad 1997; DeLone 
and McLean 2003) 
U 
The frequency of access, Regularity of use, 
Nature of use. 
(DeLone and McLean 1992, 2003) 
US User Surveys, Enjoyment, Overall Satisfaction.  (DeLone and McLean 1992, 2003) 
NB 
Time-saving, Productivity improvement, 
Personal Valuation. 
(DeLone and McLean 1992, 2003) 
WL 
Job phase, Volume of works, Multiplicity of 
tasks, VLE as extra workload.  
(Boyle et al. 1995; Denton et al. 
2002; Sanchez and Aleman 2011) 
Questionnaire Design 
A questionnaire comprises of two sections, A and B, was constructed to specifically measure all the 
related constructs. Section A aims to gather the demographic data of the respondents, including one 
filtering question to exclude the non-user of VLE from the main analysis. The experienced respondents 
will then continue with Section B, which intended to measure all the related constructs; IQ, SyQ, SeQ, 
ITU, U, US, NB and WL. To reduce the possibility of respondent’s bias, this study has applied a seven-
point Likert Scale, which provides a wider spread of values compared to five-point scale. For the 
purpose of the face and content validations, 16 teachers, one language expert, two statisticians and four 
experts in IS and e-learning had revised the formulation of these statements before conducting the pilot 
study. The pilot study was conducted on 150 teachers across the state of Pahang, Malaysia. Based on 
the pilot data, the factor analysis and reliability test were performed and the results proved that the 
questionnaire, which consists of 53 items is valid and reliable. 
Data Collection Procedure 
The data collection of this study was done starting from July to October 2017. The total 850 
questionnaires were distributed to the selected schools in Northern Region of Malaysia. As a result, 719 
questionnaires were returned or about 84% response rate. The acquired questionnaires were then gone 
through the data preparation process. After the deletions during missing value and outliers’ analysis, 
the usable data are 643, which satisfy the minimum sample size for further analysis. 
Empirical Analysis and Results 
SEM is a statistical methodology that was invented as an alternative analytical method performing tasks 
similar to multiple-regression but is superior in a number of ways. Unlike the first generation technique 
such as Correlation or Multiple Regression, SEM has the ability to test all the relationships in the 
complex structural model simultaneously, that will improve the accuracy of explaining a certain 
phenomenon under investigation. Generally, there are two types of SEM, which are distinguished by 
their differences in objectives, namely PLS-SEM and Covariance-Based SEM (CB-SEM). As the 
objective of this study is to predict the VLE success amongst teachers, the PLS-SEM has been applied. 
The Measurement Model 
The analysis of the research model was done in two phases, which involved the examination of the 
measurement and structural model. As all the constructs in this study are reflective in nature, the 
evaluation of the measurement model was done based on the construct reliability, convergent validity 
and discriminant validity (Hair et al. 2014). The construct reliability based on the internal consistency 
was established by using Cronbach’s Alpha and composite reliability value with the threshold of 0.70 
(Hair et al. 2014). On the other hand, the outer loading (indicator reliability) and the Average Variance 
Extracted (AVE) were considered to establish convergent validity. For this reason, the accepted cut-off 
value of outer loading is 0.70, while 0.50 for AVE (Hair et al. 2014). Finally, to ensure that a particular 
construct is distinct from other constructs, the discriminant validation was conducted by examining 
either cross-loadings, Fornell-Larker criterion or Heterotrait Monotrait Ratio (HTMT). To achieve 
discriminant validity, the indicator outer loadings on the associated construct should be greater than all 
 Examining Virtual Learning Environment Success among Teachers 
  
 Twenty-Second Pacific Asia Conference on Information Systems, Japan 2018  
of its loading on the other constructs, the square-root of AVE is bigger than latent variable correlations 
(Fornell-Larker criterion) or HTMT below than 1.0 (Hair et al. 2014; Henseler 2017). 
By executing the PLS algorithm on SmartPLS 3.0, it was discovered that WL had an AVE value slightly 
below than 0.50 (0.45), whereas the remaining constructs were passed the cut-off value. However, after 
the deletion of item WL6 which has the lowest outer loading (0.419), the AVE value of WL has 
increased to 0.57 and exceeded the threshold value. Next, the construct reliability was examined for all 
the constructs. The results has shown that the lowest Cronbach’s Alpha and composite reliability are 
0.83 and 0.82 respectively, indicating the high level of internal consistency. On the other hand, the 
constructs’ validity was evaluated through convergent and discriminant validity. For each construct, 
this study has demonstrated the good level of convergent validity, indicated by the good scores of AVE 
(min: 0.57; max: 0.92) and factor loading (min: 0.73; max: 0.97). Table 2 summarizes the analysis of 
construct reliability and convergent validity of this study. 
Table 2. The Analysis of Measurement Model 
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For the discriminant validity, first, the cross-loadings had to be examined. In this study, all indicator 
loadings are greater than the entire corresponding cross loading values (Hair et al. 2014). Hence, the 
first criterion for discriminant validity is accomplished. Fornell-Larcker criterion is the second test in 
establishing the discriminant validity. In this study, only the construct of U did not achieve the Fornell-
Larcker criterion with a small difference of 0.007. On the contrary, the other constructs have exhibited 
square-root of AVE greater than the values of other constructs, indicating the discriminant validity 
(Table 3). 
Table 3. Analysis of Fornell-Larcker Criterion 
  IQ ITU NB SeQ SyQ U US WL 
IQ 0.91        
ITU 0.76 0.94       
NB 0.79 0.84 0.95      
SeQ 0.77 0.74 0.74 0.92     
SyQ 0.86 0.79 0.84 0.83 0.90    
U 0.76 0.78 0.85 0.73 0.79 0.87   
US 0.81 0.84 0.91 0.77 0.86 0.88 0.96  
WL 0.43 0.42 0.40 0.44 0.40 0.42 0.42 0.76 
 
As U did not achieve Fornell-Larcker criterion with a very small value, this study has conducted the 
HTMT criterion to confirm the discriminant validity. Table 4 shows that HTMT values are below than 
1.0 (Henseler 2017). Through this analysis, the discriminant validity is confirmed. 
Table 4. Analysis of Heterotrait Monotrait Ratio 
  IQ ITU NB SeQ SyQ U US WL 
IQ         
ITU 0.79        
NB 0.81 0.87       
SeQ 0.79 0.76 0.76      
SyQ 0.89 0.82 0.86 0.86     
U 0.78 0.81 0.88 0.76 0.82    
US 0.84 0.87 0.93 0.79 0.89 0.91   
WL 0.37 0.34 0.31 0.38 0.33 0.35 0.34  
 
The Structural Models 
The PLS-SEM structural analysis did not allow the recursive relationships between the latent variables 
(Hair et al. 2014). Therefore, the structural model evaluation of this study was divided into Model A 
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and Model B. The main hypotheses H1 to H9 and the moderation hypothesis H10 were tested in Model 
A. On the other hand, the main hypotheses H11 to H14 were examined in Model B. 
Structural Model A 
Before embarking on the key criteria of structural analysis, the collinearity issues need to be addressed. 
Even though the multicollinearity test had been conducted during the data preparation, this issue was 
reexamined during the structural model analysis by obtaining the VIF values from the PLS algorithm. 
The result is parallel to the previous analysis, which all VIF values are below 10 (min: 1.06; max: 5.19), 
indicating that no multicollinearity exist  (Field 2009; Henseler 2017). To examine the significance of 
path coefficients, this study applied standard bootstrapping procedure with 5,000 samples and 643 cases 
(Hair et al. 2017). Figure 2 and Table 5 show the Structural Model A, including a WL as a continuous 
moderator. 
Hypothesis H1 postulated that IQ would have the significant influence towards the ITU of VLE among 
the teachers. From the analysis, it has been discovered that this relationship is significant (β=0.29, 
t=4.93, p<0.01). The result also showed that SyQ has the positive effect on ITU (β=0.36, t=5.98, 
p<0.01), which supported the hypothesis H3.  Meanwhile, the hypothesis H5 posited that SeQ would 
significantly influence the ITU. From the analysis, it is apparent that this hypothesis is supported 
(β=0.22, t=4.77, p<0.01). Next, the relationship between IQ and US in hypothesis H2 was examined. 
The result has indicated that there is a positive relationship between these constructs (β=0.24, t=5.07, 
p<0.01), thus supporting the proposed hypothesis. On the other hand, the result also showed that SyQ 
has a positive relationship with the US (β=0.54, t=10.81, p<0.01). Therefore, the hypothesis H4 is also 
supported. Similarly, hypothesis H6 which postulated the significant relationship between SeQ and US 
is supported (β=0.14, t=3.62, p<0.01) in this study. Furthermore, after examined the hypothesis H7, it 
has been found that ITU has a positive effect toward the U of VLE among the teachers at the 0.01 level 
of significance (β=0.72, t=28.92, p<0.01). Considering the result, the hypothesis H7 is supported. In the 
same way, the hypothesis H8 which posited the relationship between U and NB is also supported 
(β=0.25, t=6.53, p<0.01). Likewise, the relationship between US and NB (H9) is also supported 
(β=0.69, t=19.36, p<0.01). The last hypothesis investigated in Model A was H10, which represents the 
moderating hypothesis. According to this hypothesis, the WL should moderate the relationship between 
ITU and U, which is supported in this study (β=0.05, t=2.57, p<0.05). 
 
Figure 2. Structural Model A 
In the second step of the structural analysis, the level of Coefficient of Determination (R2) was assessed. 
The 0.25, 0.50 and 0.75 are considered weak, moderate and high R2 values respectively (Hair et al. 
2017). The primary endogenous variable, NB achieved the highest R2 (0.84) compared to others. This 
R2 along with US (0.76) can be considered as high. In contrast, the R2 values of ITU (0.66) and U (0.63) 
are rather moderate, even though the values are approximately close to high. For endogenous construct 
ITU, all of the predictors (IQ, SyQ and SeQ) demonstrated the small effect sizes (f2) in producing R2 of 
 Examining Virtual Learning Environment Success among Teachers 
  
 Twenty-Second Pacific Asia Conference on Information Systems, Japan 2018  
ITU. However, the effect of SyQ (0.07) is the most prominent when omitted from the model. On the 
other hand, US (0.68) achieved large f2 effect size in the relationship to NB, while U (0.09) shows a 
small effect in predicting the R2 of NB. For endogenous construct U, the f2 value of ITU (1.07) as the 
predictor is large. Finally, the f2 of exogenous construct SyQ (0.24) is the most noticeable in producing 
R2 of US, which is medium yet close to large effect. On the contrary, both SeQ (0.03) and IQ (0.06) 
show the small effect sizes in producing R2 of US.  
The research model that has Stone-Geisser Q2 value above zero is considered to have predictive 
relevance (Henseler et al. 2009). As a relative measure of predictive relevance, the values of 0.02, 0.15 
and 0.35 indicated that the particular exogenous construct has a small, medium and large predictive 
relevance toward the certain endogenous construct (Hair et al. 2017). The cross-validated redundancy 
Q2 for all endogenous latent variables in Model A are above zero, indicating the existence of predictive 
relevance. Therefore, the predictive relevance for Model A are as follows; ITU (0.54, large), NB (0.71, 
large), U (0.44, large) and US (0.66, large). Furthermore, both IQ and SeQ shared the same highest q2 
effects in producing Q2 of ITU. Nevertheless, the value (0.04) only represents the small effect size. On 
the other hand, US (0.32) contributes the higher q2 on the NB’s Q2, which approximately close to large 
effect. Whereas, U (0.04) has only small effect size in acquiring Q2 of NB. For endogenous latent 
variable U, ITU (0.56) has the large q2, as it is the only relationship exists. Finally, the 0.04 is the q2 
effect size for the predictive relevance of IQ on US. Similarly, 0.01 and 0.14 indicate that SeQ and SyQ 
respectively have very small and close to medium effects in producing Q2 for US. 
Table 5. Hypotheses Testing for Model A 
Hypotheses Beta P-Value Decision f-Square q-Square 
H1: IQ -> ITU 0.29 0.00*** Supported 0.06 0.04 
H2: IQ -> US 0.24 0.00*** Supported 0.06 0.04 
H3: SyQ ->ITU 0.36 0.00*** Supported 0.07 0.03 
H4: SyQ ->US 0.54 0.00*** Supported 0.24 0.01 
H5: SeQ ->ITU 0.22 0.00*** Supported 0.05 0.04 
H6: SeQ ->US 0.14 0.00*** Supported 0.03 0.14 
H7: ITU ->U 0.72 0.00*** Supported 1.07 0.56 
H8: U ->NB 0.25 0.00*** Supported 0.09 0.04 
H9: US ->NB 0.69 0.00*** Supported 0.68 0.32 
H10: ITU*WL -> U 0.05 0.01** Supported 0.01 0.004 
*p < 0.10, **p < 0.05, ***p< 0.01 
Structural Model B 
The recursive relationships in the research model were examined in Structural Model B, which consists 
of hypotheses H11, H12, H13, and H14. The analysis of Model B began with the collinearity test. The 
acquired result from PLS algorithm is consistent with the Model A, which all the VIF values of latent 
variables are below 10. Therefore, it can be concluded that no collinearity issues exist in Model B. 
Later, using the bootstrapping technique, the significance and path coefficients were calculated. Figure 
3 illustrates the Structural Model B of the study. 
The hypothesis H11 presupposed that NB would significantly influence ITU of VLE among the 
teachers. The further statistical analysis revealed that this relationship is significant (β=0.44, t=7.71, 
p<0.01), which supported the hypothesis H11. Next, the hypothesis H12 was examined. The result has 
indicated that there is a positive relationship between NB and US (β=0.58, t=17.27, p>0.01). Therefore, 
H12 is supported. Similarly, the relationship between US and ITU is found to be significantly positive 
(β=0.43, t=7.31, p<0.01). Accordingly, the hypothesis H13 is supported. The last main hypothesis 
examined in Model B is H14 (U to US) which is also supported at the significant level of 0.01 (β=0.38, 
t=10.86, p<0.01). 
 Examining Virtual Learning Environment Success among Teachers 
  
 Twenty-Second Pacific Asia Conference on Information Systems, Japan 2018  
 
Figure 3. Structural Model B 
Only two endogenous latent variables are involved in Structural Model B. The level of R2 in both 
constructs are approximately consistent to those in Model B. The construct of US achieved the high 
level of R2 (0.86). On the contrary, the ITU’s R2 is rather moderate (0.73), even though the value is very 
close to high. Both NB and US exhibit the small f2 effect size in producing R2 of ITU, with the value of 
0.13 and 0.12 respectively. On the contrary, U (0.29) demonstrates a medium effect to US. On the other 
hand, the f2 effect size for NB (0.68) is the most prominent in producing R2 of US, which is far above 
the level of large effect. Meanwhile, the cross-validated redundancy Q2 for both endogenous latent 
variables in Model B are large. US (0.74) has the largest Q2 followed by ITU (0.60), which signifies the 
high level of relevancy in the Model B. Meanwhile, all the predictors for ITU contribute the small q2 
effects in producing its Q2. In comparison, NB (0.31) contributes the medium yet close to large q2 effect 
in producing Q2 of US. This is in contrasts to U (0.13) which only has small q2 to US, as shown in Table 
6. 
Table 6. Hypotheses Testing for Model B 
Hypotheses Beta P-Value Decision f-Square q-Square 
H11: NB -> ITU 0.44 0.00*** Supported 0.13 0.07 
H12: NB -> US 0.58 0.00*** Supported 0.68 0.31 
H13: US ->ITU 0.43 0.00*** Supported 0.12 0.07 
H14: U ->US 0.38 0.00*** Supported 0.29 0.13 
*p < 0.10, **p < 0.05, ***p< 0.01 
Integrated Structural Model 
The analyses of Model A and Model B had supported all the proposed hypotheses in the research model. 
At the end of the analysis phase, the Model A and Model B were integrated to produce a structure that 
supports the research model, as shown in Figure 4. 
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Figure 4. Integrated Model to Measure VLE Success 
Addressing the Recursive Relationships in D&M 
Despite the considerable interests in the D&M, there is a dearth of studies that test the recursive concept 
proposed by this model. This is mainly due to the unavailability of statistical tools that can 
simultaneously test the whole model. The previous empirical studies on D&M have either adopt some 
part of the model and disengage the recursive relationships, test each relationship separately using 
regression analysis, or split the model into two structural analysis (Al-Debei et al. 2013; Iivari 2005; 
Zhou 2013). Either way, each of this approach has the weaknesses, as it will limit the explanatory power 
of D&M. Unfortunately, the solution for this issue does not exist up to the date. Even so, examining the 
D&M using Structural Equation Modelling (SEM) is by far the best, as it has the ability to test the 
complex model (Chong et al. 2010). Nevertheless, the limitation of SEM in analyzing D&M has 
triggered the interest of this study to propose a better approach in measuring VLE success.  
Upon the reflection of applying the D&M, this study would like to look further on the issue of recursive 
relationships applied in this model. In spite of the ability to test all the proposed hypotheses, the research 
model that is developed based on D&M cannot be examined simultaneously on a single SEM structural 
model. Because this conceptual model consists of loopback relationships, it needs to be separated into 
Structural Model A and Model B, in line with many previous studies that adopt D&M and SEM analysis 
(Eom et al. 2012; Iivari 2005; Tam and Oliveira 2017). Consequently, two distinct values of R2 and Q2 
were produced for certain endogenous constructs. This phenomenon, however, caused the inaccuracy 
in explaining the real scenario under investigation. For this reason, the study seeks to identify the best 
model setting that could be used to examine VLE success among teachers. A closer inspection of all 
possible paths between the latent variables in the current research model revealed five potential models 
that could be analyzed on a single SEM structural analysis. Each of these models consists of a different 
final endogenous variable, which acts as an indicator for VLE success, and could compensate the 
recursive relationships in the current research model. Model 1 and Model 2 pointed to U as the final 
endogenous variable. On the other hand, Model 3 pointed to NB, while Model 4 and Model 5 directed 
to NB, as shown in Table 7 and Figure 5. 
Table 7. Model Comparison 
Model Final Endo. 
Variable 
R2 Q2 
ITU U US NB ITU U US NB 
1 U *0.753 *0.626 0.763 0.823 *0.618 *0.439 0.656 0.698 
2 U *0.753 *0.626 0.862 N/A *0.618 *0.439 0.74 N/A 
3 NB 0.731 0.625 0.763 *0.837 0.600 *0.439 0.656 *0.710 
4 US 0.742 0.625 *0.883 N/A 0.609 *0.439 *0.758 N/A 
5 US 0.662 0.625 *0.883 0.727 0.543 *0.439 *0.758 0.617 
Endo. – Endogenous, N/A – Not Available, *Highest Values 
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After examining these five potential models, this study discovered that all the models have 
approximately equal qualities in terms of predictive accuracy and relevance. Similarly, all these models 
have roughly produced a similar level of R2 and Q2 compared to Structural Model A and Structural 
Model B. This indicates that the selection of any of these models will not decrease the predictive 
accuracy and relevance. Under this circumstance, the selection of the model should reflect the issue 
under investigation.  As for the VLE implementation, the continuous usage has been identified as the 
main issue that could possibly lead to system failure. The VLE is the voluntary type of system; hence, 
the usage should be the indicator of VLE success, as it will illustrate the teacher's acceptance toward 
the system without the element of forces.  Moreover, the continuous usage will also determine the 
survival of the VLE in the future. From the practical point of view, this study has identified that some 
teachers refused to continue using the system even though they have the initial experience of using it 
(Cheok and Wong 2016). This refusal is a symptom of VLE failure that requires further empirical 
investigation. In light of this, the role of U as the final endogenous construct in Model 1 and Model 2 
is appropriate to capture the issue of continuous usage of VLE among the teachers. Therefore, in the 











Figure 5. Comparison of All Possible Models 
In the next round, a thorough analysis was carried out to determine stronger predictor between US 
(Model 1) and NB (Model 2). Although both models roughly produced similar R2 and Q2, the path 
coefficient value for the relationship between US and NB in Model 1 (0.907) is stronger compared to 
the path coefficient of NB to US in Model 2 (0.594). Moreover, the US also produced stronger f2 and 
q2 effect on NB, 4.665 and 2.311 respectively. On the other hand, NB only produced 0.714 for f2 and 
0.323 for q2 effect sizes on US. The f2 and q2 values indicate that the effect of US to NB is greater than 
NB to US. In other words, the role of US in determining the NB is more impactful compared to the NB 
to US. Therefore, it can be concluded that Model 1 is the best model to predict VLE success among 
teachers (see Figure 6). 
 Examining Virtual Learning Environment Success among Teachers 
  
 Twenty-Second Pacific Asia Conference on Information Systems, Japan 2018  
 
Figure 6. Proposed Model to Measure VLE Success among Teachers 
Discussion 
The above findings indicate that all the hypotheses proposed in the studies are supported. Therefore, 
the factors proposed in this study are important in determining the VLE success among teachers. In 
view of the fact that VLE success is inter-related dimensions, the failure to fulfill one of the dimensions 
could cause a total failure of the system. As can be seen in Figure 4, the information, system and service 
qualities are important in determining the continuous usage, while at the same time produced teachers’ 
satisfaction toward the VLE. Similarly, the net benefits are also found to have positive influences toward 
both user satisfaction and intention to use. Considering the findings to solve the issue of continuous 
usage, as discussed in the earlier section, it is crucial for VLE stakeholders to consider each of the 
success dimensions, which could lead to the survival of the system in the future.  In addition, this study 
has discovered that WL has a positive impact on the usage of VLE. In other words, the teacher who 
carries heavier workload used more VLE system, which proved that VLE is a good medium for dealing 
with a heavy workload. Although some researchers believed that the workload could hinder the teacher 
from using ICT for teaching and learning (e.g. Cheok and Wong 2016), the data analysis of the study 
has unveiled that VLE is useful for teachers. In light of this, it is very important for VLE stakeholders 
such as MOE to ensure that the quality attributes (IQ, SyQ and SeQ) are at the highest level so that the 
teachers will enjoy the full benefits of the system. 
In the theoretical perspective, this study opens the opportunities for future researchers to investigate 
deeper on D&M. As the past studies that do the further reflection on D&M recursive issue are hardly 
found, so do the studies that empirically test the loop relationships between US and NB. The analysis 
of 20 empirical studies on D&M from 2010 to 2018 reveals that only one study (Al-Debei et al. 2013) 
tests all the recursive relationships in the D&M. However, they only applied correlation analysis, which 
is weaker compared to SEM. For the studies that remove recursive relationships in D&M, 16 out of 19 
past studies choose to retain the relationship from US to NB (e.g. Eom et al. 2012; Kim et al. 2012), 
with only one of them was statistically non-significant. In contrast, only three studies that test the 
relationship between NB to US were found. This analysis of literature has supported the chosen of 
Model 1 as the strongest model to measure VLE success among teachers. However, the further 
explorations are still necessary to understand more on the role recursive relationships, including its 
relevancy and practicality in D&M. Another key point identified is related to the Structural Model A 
whereby the entire predictors (IQ, SyQ and SeQ) have produced significant effects on ITU and US. On 
the contrary, the relationship between SeQ and ITU is not supported in the proposed model (Figure 5). 
This inconsistency of findings indicates that the analysis of recursive relationships in D&M by dividing 
them into two structural models could possibly produces inaccurate results. Therefore, it can be 
concluded that the proposed model that has been produced by comparing the five potential models is 
more reliable in measuring VLE success. 
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Conclusion 
This study produced three important impacts. First, although previous studies indicated that the 
relationships in D&M are significant, this study has extended the existing body of knowledge in the 
context of VLE among school teachers. Second, this study is able to prove that heavy workload carried 
by the teachers could be eased by VLE. This fact has denied the notion of previous studies that indicated 
workload as the hindrance factor of teachers not wanting to continue using educational computer-based 
systems. Finally, although the existing literature has suggested that D&M is the most comprehensive 
model to evaluate IS success, its empirical evidence is still not robust. Due to unavailability of analytical 
technique to simultaneously test all the relationships in the D&M, the SEM is still considered the best 
technique to test the structural model (Chong et al. 2010; Iivari 2005). However, the application of SEM 
has limited explanatory power of D&M as two distinctive values of R2 and Q2 will be produced for 
endogenous variables. Apparently, it can be assumed that the research model that was built based on 
D&M is not the best model to explain VLE success. With this in mind, further clarification on this 
matter clearly not exists (Chong et al. 2010). Therefore, through the acquired empirical data, the study 
proposed a better structural model to explain VLE success amongst teachers. Since this model has 
eliminated the recursive relationships, it could be analyzed at a single SEM structural model, thus 
producing valid and accurate R2 and Q2.  
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